Objective: This study investigated the influence of the aortic bifurcation anatomy on the endovascular treatment of abdominal aortic aneurysms using Excluder (W. L. Gore & Associates, Flagstaff, Ariz) bifurcated stent grafts.
Limb occlusion after endovascular abdominal aortic aneurysm (AAA) repair (EVAR) is a life-and limbthreatening condition 1 with an incidence of 2.6% to 7.4%, as described in the literature. 2, 3 Various studies have analyzed the factors associated to the risk of limb occlusion. 4, 5 Although the anatomy and diameter of the aortic bifurcation are included in the Society for Vascular Surgery clinical guidelines on aneurysms as a cause of limb occlusion, 6 its characteristics and the risk posed are not specified. Similarly, the influence of these characteristics on the existence of limb stenosis during follow-up remains unknown.
The objectives of our study, therefore, were to analyze the influence of the aortic bifurcation anatomy on the outcomes of endovascular treatment of AAAs with the Excluder (W. L. Gore & Associates, Flagstaff, Ariz) bifurcated stent graft, assess whether patients with narrow aortic bifurcations can be successfully treated with this device without using adjunctive procedures, and study its role in the appearance of limb stenosis and occlusion during follow-up.
METHODS
This study was performed in accordance with the Declaration of Helsinki, and the protocol was revised and approved by the Hospital Clinico San Carlos Ethics Committee. All patients signed an informed consent. A retrospective single-center study was conducted of all patients undergoing elective repair of an infrarenal AAA between 2005 and 2015 at our center, using the Gore Excluder bifurcated stent graft. The data used for this study were taken from a specific prospective EVAR database. After the operation, all patients received single-antiplatelet therapy consisting of oral aspirin (100 mg daily).
Patient demographic information and comorbidities were analyzed. Peripheral arterial disease was defined as an ankle-brachial index of #0.90. Anatomical factors were measured in the preoperative computed tomography angiogram (CTA) from center lumen line images with Osirix software (Pixmeo SARL, Bernex, Switzerland), including inner-inner aortic bifurcation diameter (ABD), defining a narrow bifurcation as an ABD <20 mm, 7 presence of thrombus in the bifurcation, and calcification of >50% of its circumference. Finally, the characteristics of the limbs were studied, including the sum of the stent graft limbs diameters (SLD) and the ratio between the diameter of the limbs and the bifurcation (SLD/ABD). Follow-up involved physical examination, CTA, and starting in 2014, abdominal duplex ultrasound examinations at 1 month from the repair and every 6 months thereafter in case of endoleaks or annually in the absence of evidence of complications on the first scan.
Intraoperative stenosis was defined as lumen reduction >50% at completion arteriography in three projections (anteroposterior and oblique 45 right and left) once stiff guidewires had already been removed from both accesses, comparing the smallest residual diameter at the bifurcation to the diameter of the limb above it where the graft was fully expanded. The need for additional adjunctive measures was registered. Limb stenosis >30% shown on the follow-up CTA at 1 month from the procedure and limb occlusion were studied during follow-up. Finally, univariate and multivariate analyses were performed on factors associated to these results. Baseline and comorbidity characteristics were compared for both groups, as were the intraoperative factors and characteristics of the aortic bifurcation and stent graft, using the c 2 test or Fisher exact test for qualitative variables and the Student t-test for quantitative factors. Factors associated with limb stenosis during the follow-up period in our series were studied by univariate analysis using c 2 and Cox regression. Covariates with P < .05 in the univariate analysis were included in the multivariate study by logistic regression and Cox regression. P < .05 was considered statistically significant. The data processing and analysis were performed using IBM SPSS Statistics for Windows 20.0 software (IBM, Armonk, NY).
RESULTS
Between 2005 and 2015, 289 elective EVARs were performed at our center. The Excluder device was used in 232 patients, of which 53 (23%) met the narrow bifurcation criteria. Table I analyzes the demographic data and comorbidities in our series, comparing these factors among patients with narrow bifurcation (n ¼ 53) and those without (n ¼ 179). No significant differences between groups were identified in any of the factors studied. The mean age in our series was 74 years, with 97% male patients.
In the overall series, 31% of the patients presented with hostile neck, defined as having at least one of the following characteristics: length <15 mm, diameter >32 mm, angle >60
, or presence of a thrombus or calcium over >50% of the aortic circumference. 7 The
Excluder C3 was used in 122 patients, and the mean operating time was 149 minutes. The technical success in our series was 100%, with no need for conversion to open repair or an aortouniiliac stent graft. Table II presents the comparison between the two groups regarding factors related to the aneurysm and the procedure. Patients with narrow bifurcation presented with a smaller maximum diameter of the aneurysm (61 vs 56 mm; P ¼ .013) and proximal neck (24 vs 22 mm; P < .001) as well as a shorter mean procedure time (152 vs 139 minutes; P ¼ .005). Upon analysing the characteristics of the aortic bifurcation in the groups (Table III) , patients with narrow bifurcations had a mean diameter of 17 mm (range, 12.5-19.5 mm). This group presented with a total diameter of the iliac limbs smaller than the group without narrow bifurcation, but with a higher SLD/ABD ratio (1.16 vs 1.64, P > .001), a smaller number of patients with thrombus in this area, and more patients with severe calcification.
Of the 464 limbs deployed, 396 (85%) were deployed in the common iliac artery and 68 (15%) in the external iliac artery. The landing artery did not this influence the intraoperative (P > .999) or follow-up (P ¼ .217) limb stenosis.
Only five cases of intraoperative stenosis in a single limb were recorded, three (6%) in patients with narrow bifurcation and two (1%) in patients with a bifurcation >20 mm, with no significant differences between them (P ¼ . Take Home Message: Among 232 endovascular aneurysm repairs using the Excluder stent graft, 53 patients had narrow aortic bifurcation <20 mm, and three required intraoperative adjunctive measures. Narrow bifurcation predicted >50% limb stenosis at 1 month, but none led to occlusion at a median follow-up of 34 months. Recommendation: This study suggests that endovascular aneurysm repair using the Excluder stent graft in patients with a narrow aortic bifurcation <20 mm requires few intraoperative adjunctive measures. It increases the risk of limb stenosis at 1 month but does not cause limb occlusion at 34 months.
arteries, and a 10-Â 27-mm balloon-expandable Visi-Pro stent (ev3 Endovascular, Inc, Plymouth, Minn) in a focal lesion owing to severe calcification in the area. Mean follow-up time in our series was 37 months (median, 34; range, 1-116 months), with 43% of patients having >3 years of surveillance. No limb thrombosis was recorded during follow-up. Limb stenosis was identified on the follow-up CTA at 30 days in 62 patients (27%), of whom 40 had a narrow aortic bifurcation. Stenosis >50% appeared in 13 patients (6%), nine of them with narrow aortic bifurcation. The median follow-up for patients with stenosis >50% was 36 months, with no record of reinterventions for limb stenosis, claudication, or occlusion of the limbs during the follow-up period.
Finally, a univariate and multivariate analysis was performed on the factors related to limb stenosis during follow-up (Table IV) . The multivariate analysis showed as independent risk factors for limb stenosis the presence of narrow aortic bifurcation and a history of peripheral arterial disease, with a hazard ratio (HR) of >5 on both, as well as severe calcification in the area of the bifurcation with an HR of 3. However, the most important independent risk factor for limb stenosis during follow-up was the ratio between SLD/ABD with an HR of 29, such that for each tenth of a variation in this ratio, the risk of limb stenosis increased by 1.4 in the follow-up period. Finally, the multivariate analysis identified the presence of a thrombus in the area of the bifurcation as a protective factor for limb stenosis.
DISCUSSION
Numerous papers have looked at risk factors for occlusion of the iliac limb in patients who underwent EVAR, reporting risk factors such as female sex, the characteristics of the iliac artery (diameter, calcification, tortuosity, or fixation to the external iliac), and factors related to the iliac limb such as unsupported devices, small diameter, or excessive oversizing. 6, 8 Narrow aortic bifurcation 5 and iliac limb stenosis 4 have also proven to be prognostic factors for limb occlusion. However, the risk implied by these factors is relatively unknown, and the determinants of iliac limb stenosis during the follow-up period have not been well studied.
Only three studies to date have analyzed the characteristics of the aortic bifurcation in endovascular treatment using bifurcated stent grafts:
The first, published in 2015 by Strajina et al, 9 studied the results of bifurcated endografts in 106 patients with narrow bifurcation. A bifurcation of <14 mm was present in 30% of these patients. Kissing balloons were used in 75% of the patients and kissing stents were used in the bifurcation in 20%. However, there was a great degree of heterogeneity of endografts used (>5 different types of stent grafts in each study) in the first two studies, with no defined protocol for the selection of one over another, and none of these three studies analysed limb stenosis during follow-up.
These studies presented reasonable patency of the limbs in patients with narrow bifurcation, comparable to that described for patients with bifurcations >20 mm, and concluded that the use of bifurcated stent grafts in patients with narrow aortic bifurcation is safe and effective so that it should not be a limiting factor for the performance of EVAR.
However, the authors in all these series used additional intraoperative adjunctive measures in a high percentage of patients, asserting the need to use the "paving and cracking" technique with forced angioplasty of the bifurcation with noncompliant balloons using the kissing balloon technique, which was performed in 75% of the patients in the Strajina study, as well as the implantation of iliac limb stents in 20% of the patients in that study, 14.6% of the patients in the Bianchini Massoni study, and 47.7% of the patients with narrow bifurcation in the Troisi study.
The Gore Excluder limbs have greater diameter (16 mm proximal diameter) than other stent grafts, which may lead to the assumption that it is not the best option for patients with a narrow aortic bifurcation. In our experience, however, the design of the iliac limbs of this graft, because of the lesser thickness of the material of the prosthesis and its conformability, permits a good adaptation to complex anatomies. 12 Excellent results have been published regarding patency and reintervention-free patency, even in patients with iliac arteries unsuited for endovascular treatment. 13 This characteristic of the limbs of the stent graft has led some centers to even use these iliac limbs as the treatment of choice in hybrid treatment with stent grafts of other brands in cases in which complex anatomy is found in the area of the aortic bifurcation or the landing zone in the iliac arteries 14 Therefore, in our center, we used additional intraoperative measures exclusively in those patients in whom a stenosis >50% was identified on the intraoperative arteriography, which was required in 6% of patients with narrow bifurcation in our series and in 1% of patients with a bifurcation >20 mm, with no differences between groups. Because no limb occlusions were recorded during the follow-up on these patients and no reinterventions for limb stenosis or Bold P values are statistically significant (P < .05).
claudication were recorded, we believe that patients with narrow aortic bifurcation can be treated with the Excluder bifurcated device without additional intraoperative measures except in cases in which severe limb stenosis has been identified on the intraoperative arteriography. These results, combined with those from the three previous studies, can change attitudes toward patients in whom an endovascular repair of the aneurysm by aortouniiliac stent grafts and crossover femorofemoral bypass was previously performed. The higher morbidity demonstrated in repairs with this technique, with an increase in infections, pseudoaneurysms, hematomas, stenoses, and occlusions of the bypass, 15, 16 as well as occlusion of the hypogastric artery with retrograde flow, 17 means that it should probably be reserved for carefully selected cases in which the implantation of a bifurcated stent graft is impossible. Some authors would also advocate the use of the Powerlink and AFX stent graft systems (both Endologix, Irvine, Calif) for these patients with narrow aortic bifurcation because it preserves the natural aortic bifurcation while providing anatomic fixation and proximal seal. In a pooled analysis of results from three prospective multicenter trials using this system by Carpenter et al, 18 twothirds of the patients included had a narrow bifurcation, and only two of these patients (1.27%) underwent reintervention for limb occlusion during follow-up. However, because these devices are not available in our center, this option was not considered for the treatment of our patients. Moreover, although the results of the previous studies and ours show good limb patency in these patients, iliac limb stenosis can imply an increased risk of thrombosis in the long-term. 4 It is therefore interesting to study the factors associated with limb stenosis during the followup period. Our study is the only study to date to analyze the existence of limb stenosis on the control CTA in relation to the anatomy of the bifurcation and related factors. The CTA showed 6% of the patients in our series had a >50% stenosis. Because these stenoses were already present at 1 month, we speculate that they were present from the beginning in an anteroposterior axis that prevented them from being detected in the completion angiography, whereas they were easily identified in the CTA. A thorough clinical assessment and physical examination are compulsory in these patients during follow-up to guarantee an early detection of any related complication. The SLD/ABD ratio was the most important independent risk for limb stenosis during the follow-up period in our series, with an HR of 29, meaning that for a variation of 0.1 in this ratio, the risk of limb stenosis increased by 1.4 in the follow-up period. These results concur with those obtained by Bianchini Massoni et al. 10 Although they did not study limb stenosis after surgery, did indeed find the presence of a SLD/ABD ratio of >1.4 as the sole independent risk factor for intraoperative limb stenosis. This suggests that even though the ABD tends to be evaluated on its own, it would be useful to analyze it together with the size of the limbs that are planned to be implanted in the preoperative assessment, given that the same aortic diameter involves a much higher risk of limb stenosis if larger limb grafts are needed. Our series also identified as independent risk factors the presence of a narrow bifurcation as well as peripheral arterial disease and extensive calcification of the bifurcation, which can lead to greater rigidity and less compliance in the arterial wall, preventing the adaptation of the limbs to their nominal diameter. Finally, the presence of thrombus in the area of the bifurcation acted as a protective factor for limb stenosis in our series, which might be caused by an easier dilation and shaping of the stents in the bifurcation when there is thrombus at that level. We therefore believe that in electing the use of a bifurcated stent graft, not only does the diameter of the bifurcation have to be taken into account but also the characteristics of the bifurcation with regard to thrombus and calcification and the size of the limbs that are planned to be used because they can play an even greater role than the diameter per se in the results during the follow-up period.
The main limitation of this study is its retrospective nature, although the information was taken from a database collected prospectively. The decision to study a single type of stent graft increases the homogeneity of the series, but makes it impossible to extend the results to other stent grafts with different characteristics in patients with narrow aortic bifurcation. Finally, studies with longer follow-up periods must be conducted to analyze the clinical course in patients with limb stenosis detected during the follow-up period.
CONCLUSIONS
According to our results, we can conclude that AAAs with a narrow bifurcation can be treated with the Excluder bifurcated device, with the need for adjunctive intraoperative measures unusual. The SLD/ABD ratio is the most important risk factor for the occurrence of limb stenosis during follow-up.
Limb occlusion using the Excluder device is uncommon, even when significant stenosis occurs in the limbs during follow-up. Therefore, treatment of selected patients with bifurcation diameters smaller than that recommended in the instructions for use appears to be safe and effective. Studies with longer follow-up are required to confirm these results. 
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